In Clark and Shelby soybean (Glycine max [L.] Me=.) seedlings, hypocotyl elongation was inhibited and hypocotyl swelling and root dry weight were increased by a temperature of 25 C. At 20 and 30 C, development was normal, as was development of Hawkeye and Mandarin soybean seedigs at all three temperatures. Dry matter distribution at 9 days indicates that inhibition of hypocotyl elongation is not due to a lack of translocation from cotyledons, but to a diversion of dry matter from hypocotyl to root. Ethylene evolution by Clark seedlings at 25 C exceeds that at 20 and 30 C. At aH three temperatures, Mandarin seedligs' ethylene evolution is at the same low rates as those of Clark at 20 and 30 C. Clark's enhanced rate at 25 C precedes the deceleration of hypocotyl elongation occurring at 5 days. The abnormal effects of a temperature of 25 C on Clark seedlings' development is partially reversed by CO2 and GA3 and can be duplicated in Mandarin by applying ethylene. In Clark, effects of the temperature can be further accentuated by indoleacetic acid, which stimulates ethylene evolution, and by applying ethylene to the seedlings. It is concluded that the temperatureinduced symptoms, similar in most respects to the well known "triple response" of legume seedlings, are caused by abnormally high levels of ethylene in tissues of the anomalous cultivars.
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Certain soybean cultivars emerge poorly when planted 10 cm deep in sand and grown at 25 C but emerge normally when grown at 15, 20, and 30 C. Other cultivars emerge normally at all four temperatures (11) . The failure to emerge at 25 C results from a lack of normal hypocotyl elongation (5, 6, 9, 11 (Fig. 3 , C and D). At 25 C, Clark and Shelby hypocotyl dry weights were abnormally small whereas their root dry weights were abnormally large. At 20 and 30 C, their hypocotyl and root dry weights were similar to those of Mandarin and Hawkeye. This shift of dry matter from hypocotyl to root at 25 C resulted in drastic alteration of the ratios of shoot to root dry weight in Clark and Shelby seedling axes. At 25 C, this ratio was 1.8; at 20 and 30 C, it was 3.3 to 3.6. In Mandarin and Hawkeye, it was 3.6 to 4.4 at all three temperatures. The increased Clark and Shelby root dry weight at 25 C (Fig. 3D ) was due to larger number and diameter of lateral roots ( Fig. 1) and not to increased length of primary root (Fig. 2) .
Factorial analyses of variance showed significant F ratios for interactions of cultivar with temperature as expressed in both hypocotyl (P = 0.05) and root (P = 0.005) dry weights.
At 25 C, Clark and Shelby hypocotyls were of larger diameter than those at 20 and 30 C and than those of Mandarin and Hawkeye at all three temperatures as judged visually (Fig. 1 ) and as measured in fresh and dry weights per unit length after 9 days. At 25 C, the dry weight to length ratio was 4.3 and 3.7 mg/ cm in Clark and Shelby hypocotyls, respectively. It was 1.8 mg/ cm in both Mandarin and Hawkeye. At 20 C, it was 1.4 to 1. mg/cm, and at 30 C, it was 1.9 to 2.1 mg/cm in all four cultivars. Two other 25 C anomalies should be noted. Dry weights of whole 9-day seedlings of Clark and Shelby were greater at 25 C than at 20 and 30 C (Fig. 3E) . The order of cultivars by whole seedling dry weight (9 days) matched their order by seed dry weight (0 days) at 20 and 30 C but not at 25 C (Fig. 3E) .
Ethylene Evolution At 25 C, Clark seedlings evolved ethylene faster than Mandarin seedlings during both 2-day measuring intervals (Fig. 4) . This was evident when expressed per seedling (Fig. 4, C and D) or per gram of seedling axis fresh weight (Fig. 4, A and B) but was more striking on the latter basis. At 20 and 30 C, both cultivars evolved it at similar, low rates.
Response to CO2. Symptoms observed in Clark seedlings at 25 C were partially reversed by C02, an ethylene antagonist. During a 12-day exposure in desiccators initially containing 15% CO2 (v/v), hypocotyl length and dry weight were increased and hypocotyl swelling was slightly decreased in comparison with controls initially sealed in air (Table I) . Primary root length and root system weight were decreased. During a 2-day exposure on the 4th and 5th days of a 7-day interval, the effects of 20% CO2 (Table I) were virtually identical to those of the 12-day exposure to 15% CO2.
Response to Ethylene. When ethylene was applied at a concentration of 3 ,ul/l to Clark seedlings grown at 25 C, it strongly exaggerated their temperature-induced symptoms and, unlike temperature, inhibited primary root elongation (Table I) . It induced symptoms in Mandarin seedlings similar in some but not all respects to those of untreated Clark seedlings grown at 25 C (Table I) . It inhibited elongation and induced swelling of hypocotyls, but unlike the effect of 25 C on Clark seedlings, it increased hypocotyl dry weight. It increased total root mass and, like its effect on Clark seedlings, it inhibited primary root elongation.
Response to IAA. Effects of 0.1% IAA in lanolin applied to Clark and Mandarin hypocotyl (Table I) were similar in both direction and magnitude to effects of 3 ,ld/l ethylene on seedling development. In a separate experiment, it was found that applying 0.1% IAA to seedlings of Clark grown for 3 days at 25 C increased endogenous ethylene evolution from 1.5 to 8.7 nl hr-1/ g fresh weight of seedling axis.
Response to Other Growth Regulators. Kinetin affected Clark seedlings (Table I) in a manner almost identical to IAA except that kinetin had little or no effect on root weight. GA3 stimulated Clark hypocotyl elongation. It decreased hypocotyl swelling (weight per unit length) and root dry weight, thus partially reversing all of the 25 C symptoms (Table I) . (1, 16) , was not observed at 25 C (Fig. 1) .
The evidence strongly implicates abnormally high ethylene levels as cause of the abnormal pattern of development observed in Clark, Shelby (Figs. 1-3) , and other cultivars (9, 11) of soybean at 25 C. An increased rate of endogenous ethylene evolution (Fig. 4) precedes the decline in hypocotyl elongation rate, which first becomes evident after about 5 days (Fig. 2) . Ethylene evolution in Clark seedlings grown at 25 C attained to a rate of 6.1 nl hr-'/g fresh weight of seedling axis during the 5th and 6th days, and much higher rates might have been measured had localized portions of the axis been sampled. Kang et al. (14) showed that the apex of bean hypocotyl produced more ethylene than the rest of it. Ethylene evolution rates in excess of 3 nl hr-' g1-are associated with swelling and inhibition of elongation in pea stem, sunflower hypocotyl (4), and pea root (7) . The same range is associated with inhibition of bean hypocotyl (14) and pea epicotyl (10) hook opening, and with enhanced leaf (2, 17) and fruit (15) abscission. Clark and Mandarin seedlings all exhibited rates below 3 nl hr-' g-1 (Fig. 4) at temperatures which resulted in normal growth (Figs. 1-3) .
Further evidences for an ethylene involvement in the temperature-induced anomalies are summarized as follows. (a) IAA application, which increases ethylene evolution about 6-fold in 3-day Clark seedlings, further exaggerates the anomalies as does applied ethylene itself (Table I) . (b) CO2 partially reverses these symptoms in Clark (Table I ). CO2 is a well known antagonist of ethylene actions in plants (e.g. 1, 3, 4, 16). GA3 also partially reverses the symptoms (Table I ). Holm and Key (13), using Hawkeye soybean, found that GA3 inhibited both endogenous and auxin-induced ethylene evolution by 50% and thereby increased hypocotyl elongation. Confinement of excised sections in ethylene concentrations up to 100 ul/l did not inhibit elongation with GA3 present, but did so in its absence from the incubation medium. GA3 also stimulates pea shoot elongation inhibited by IAA or ethylene but appears not to act through effects on ethylene generation (8) . (c) Kinetin, like IAA and ethylene, exaggerates 25 C hypocotyl symptoms (Table I) ; however, it appears to be unique among those substances tested in having little or no effect on root development. It stimulates ethylene evolution in etiolated seedlings of bean and other species (8) . These show the anomalous stem or hypocotyl symptoms after kinetin application. (d) The effects of 25 C on hypocotyls of Clark and Shelby seedlings can be partly mimicked in Mandarin (Table I) and Hawkeye (12) , cultivars of normal response, by applying IAA or ethylene. However, Mandarin hypocotyl dry weight is increased rather than decreased in response to these regulators. This discrepancy may derive from a difference in distribution within the seedling of applied versus endogenous regulator.
Temperature effects on dry matter distribution (Fig. 3) indicate that the anomalous development in Clark and Shelby seedlings at 25 C is accompanied by a diversion of dry matter from hypocotyl to root but not by a failure of translocation from cotyledons. The latter interpretation is suggested by the smaller seedling axis dry weights of Clark and Shelby at 25 C but is ruled out by observation of similar differences at 30 C (Fig. 3F) , a temperature at which all seedlings developed normally. The diversion of materials from hypocotyl to root at 25 C is believed to be a consequence rather than a cause of the rise in endogenous ethylene. Burris and Knittle (6) showed that surgical removal of soybean cotyledon tissue partially reverses the 25 C inhibition of hypocotyl elongation and suggested that inhibitors or their precursors were thereby diminished in hypocotyls. Our findings suggest that ethylene or auxin precursors may be made limiting by this procedure. Methionine and tryptophan should be good candidates for testing.
